US 20100186499A1

a2y Patent Application Publication o) Pub. No.: US 2010/0186499 A1

a9 United States

Ramus et al.

43) Pub. Date: Jul. 29, 2010

(54) ELECTRO-OPTIC LIQUID LEVEL SENSING
SYSTEM FOR AIRCRAFT BEVERAGE
BREWING

(75) Inventors: Sebastien A. Ramus, Overland
Park, KS (US); Keith R. DeBald,
Gardner, KS (US); Joseph C.
Dettmer, Overland Park, KS (US);

Winston S. Fliess, Olathe, KS (US)

Correspondence Address:

FULWIDER PATTON LLP

HOWARD HUGHES CENTER, 6060 CENTER
DRIVE, TENTH FLOOR

LOS ANGELES, CA 90045 (US)

BE INTELLECTUAL
PROPERTY, INC., Wellington, FL
(Us)

(73) Assignee:

(21) Appl. No.: 12/751,721

(22) Filed:

Mar. 31,2010

40

m”//

III{II&.,‘///I/ ;?“ﬂ

Related U.S. Application Data

(60) Division of application No. 11/779,604, filed on Jul.
18, 2007, now Pat. No. 7,694,559, which is a continu-
ation of application No. 11/334,322, filed on Jan. 18,
2006, now Pat. No. 7,293,458, which is a division of
application No. 10/779,329, filed on Feb. 13, 2004,
now Pat. No. 7,017,408.

Publication Classification

(51) Int.CL
GOIF 23/292 (2006.01)

(52) U Cle oo 73/290 R

(57) ABSTRACT

The electro-optic liquid level sensing system detects a level of
liquid in a container having an upper opening, such as for a
server container of a beverage maker for a transport system,
such as for aircraft, trains, trucks, buses and the like. A sup-
port housing mates with the upper opening of the container,
and a primary liquid level sensor is mounted in the support
housing for non-intrusively measuring the liquid level. A
secondary liquid level sensor may be mounted in the support
housing to sense a predetermined liquid level to prevent acci-
dental overflows. Protective lenses may be placed in front of
the primary liquid level sensor.
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ELECTRO-OPTIC LIQUID LEVEL SENSING
SYSTEM FOR AIRCRAFT BEVERAGE
BREWING

RELATED APPLICATIONS

[0001] This is a divisional application of Ser. No. 11/779,
604, filed on Jul. 18, 2007, which is a continuation of Ser. No.
11/334,322, filed Jan. 18, 2006, now U.S. Pat. No. 7,293,458,
which is a divisional of Ser. No. 10/779,329, filed Feb. 13,
2004, now U.S. Pat. No. 7,017,408, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to liquid level detection sys-
tems, and more particularly, to a system to detect the liquid
level in a server container of a beverage brewing apparatus
adapted for use on aircraft.

[0004] 2. General Background and State of the Art

[0005] One conventional technique for determining the
level of a liquid in a vessel or container involves mechanically
measuring the liquid level with a contact device such as a float
indicator, dip stick or probe which extends intrusively into the
liquid to be measured. When such techniques are used for
measuring liquid level in a server container of a beverage
brewing apparatus, such as a coffee brewing machine, these
techniques require a sensing device to extend into the server
container to contact the liquid, which subjects the sensing
device to damage when the server container is repetitively
installed and removed from the beverage maker brewing cav-
ity.

[0006] One non-contact liquid level sensing technique for
non-intrusively detecting the level of the surface of a fluid in
a vessel utilizes a laser liquid level gauge that includes an
optical unit in the top wall of the vessel. Reflections of an
incident laser beam from the fluid boundary are focused by
optics to a photodiode producing an output signal received by
a control unit, which includes a phase detector for comparing
the phase of the modulation tone with that of the detection
signal to produce a level indicating signal for display. Another
non-contact liquid level sensing technique for measuring the
volume of liquid in a container utilizes an ultrasonic system.
An ultrasonic signal is emitted from the lid of the container,
and is received by a sensor subsystem located on the under-
side of the lid of the ultrasonic system. The ultrasonic system
measures the level of liquid in the container by determining
the time the ultrasonic signals take to travel to and return from
the surface of the liquid reflecting the ultrasonic signals to the
ultrasonic sensor subsystem.

[0007] Another liquid level sensing technique utilizes an
opto-electronic level sensor including a system with an infra-
red light emitting diode (IRED) and two silicon phototrans-
istors. A first phototransistor monitors the light reflected from
the liquid, and the second phototransistor directly monitors
the IRED beam for power degradation or failure and provides
interrupt control as required. While the failure of the IRED
can be detected directly in this manner, failure of the first
phototransistor can go undetected, allowing an overflow to
occur. A temperature sensor included with the liquid level
sensor that extends intrusively to contact the liquid is also
vulnerable to being damaged by repeated usage. Another
inherent problem with this approach is that the light emitting
and sensing optical sensors are not protected from the steam,
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water condensation and accumulation of coffee residue, and
frequent cleaning operations are required to keep the level
sensing system operational, which is time consuming and
expensive. Typical cleaning of the liquid level sensors
requires inserting a cotton swab moistened with alcohol into
the sensor ports, and clearing the sensor ports of lint from the
cotton swab. Failure to perform these cleaning operations
typically results in uncontrolled overflows due to accumula-
tion of debris and coffee residue on the light emitting and
sensing optical sensors. It would therefore be desirable to
provide a liquid level sensing device that is less prone to
contamination.

[0008] Such conventional liquid level sensing systems also
typically do not provide any redundancies in the event that the
primary sensing apparatus monitoring the liquid level fails,
either by internal failure or due to coffee residue build up.
Failure to detect the liquid level will result in an overflow,
which is not only inconvenient, but also dangerous for the
operator. During an overflow, very hot liquid typically comes
out of the server and the beverage maker, and spills out,
potentially burning the operator attending the machine. It
would therefore be desirable to provide a backup liquid level
sensing system for preventing accidental overflows in case of
a malfunction of a primary liquid level sensing system. The
present invention satisfies these and other requirements for
aircraft galley systems.

Invention Summary

[0009] Briefly, and in general terms, the invention provides
for an apparatus for detecting a level of a surface of a liquid in
a container having an upper opening, such as for a server
container of a beverage maker for a transport system, such as
for aircraft, trains, trucks, buses and the like.

[0010] Inone presently preferred embodiment, the appara-
tus includes a support housing adapted to mate with the upper
opening of the container, primary liquid level sensing means
mounted in the support housing for non-intrusively measur-
ing the level of the surface of the liquid in the container; and
secondary liquid level sensing means mounted in the support
housing for intrusively sensing a predetermined level of the
surface of the liquid in the container for preventing accidental
overflows in the event of a malfunction of the primary liquid
level sensing means.

[0011] In one aspect, the primary liquid level sensing
means may be an optical sensor device mounted in the sup-
port housing for non-intrusively measuring the level of the
surface of the liquid in the container, the optical sensor device
including a light emitting device for projecting incident light
on the surface of the liquid in the container, and a light
detecting device for detecting the incident light reflected from
the surface of the liquid in the container. In one variation, the
primary liquid level sensing means may be an ultrasonic level
measuring system, for example. In another variation, the pri-
mary liquidlevel sensing means may include means for deter-
mining the level of the surface of the liquid in the container by
determining a timed flow of liquid into the container.

[0012] Inanother aspect, the secondary liquid level sensing
means may include a pair of short fixed electrically conduc-
tive probes extending to a predetermined level in the con-
tainer when the support housing is mated to the upper opening
of the container.

[0013] In another current aspect, where the container and
the liquid in the container are electrically conductive, the
secondary liquid level sensing means may include a first
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retractable, electrically conductive probe pivotally mounted
to the support housing and adapted to extend to a predeter-
mined level within the container, and a second electrically
conductive probe adapted to contact the container, whereby
electrical continuity between the first and second electrically
conductive probes indicates that the level of the surface of the
liquid in the container has reached the predetermined level
within the container.

[0014] Inanotheraspect, where the liquid in the containeris
electrically conductive, the secondary liquid level sensing
means may include first and second retractable, electrically
conductive probes pivotally mounted to the support housing
and adapted to extend to a predetermined level within the
container, whereby electrical continuity between the first and
second electrically conductive probes indicates that the level
of the surface of the liquid in the container has reached the
predetermined level within the container.

[0015] Inanotheraspect, where the container and the liquid
in the container are electrically conductive, the secondary
liquid level sensing means may include a retractable, electri-
cally conductive probe pivotally mounted to the support hous-
ing and adapted to extend to a predetermined level within the
container, and means adapted to contact the container to
ground the container, whereby electrical continuity between
the electrically conductive probe and ground indicates that
the level of the surface of the liquid in the container has
reached the predetermined level within the container.

[0016] In another presently preferred embodiment, the
invention provides for an apparatus for detecting a level of a
surface of a liquid in a container having an upper opening.
The apparatus includes a support housing adapted to mate
with the upper opening of the container, an optical sensor
device mounted in the support housing for non-intrusively
measuring the level of the surface of the liquid in the con-
tainer, the optical sensor device including a light emitting
device for projecting incident light on the surface of the liquid
in the container, and a light detecting device for detecting the
incident light reflected from the surface of the liquid in the
container, and protective lenses placed in front of the light
emitting device and the light detecting device. The protective
lenses may be permanently and hermetically secured on the
support housing housing, or may be incorporated in the sup-
port housing housing.

[0017] In another preferred aspect, each of the protective
lenses have an outer surface that is inclined with respect to the
vertical, to allow condensation to flow off the protective
lenses, and each of the protective lenses has an outer surface
that is inclined at about 53° with respect to the vertical, to
allow condensation to flow off the protective lenses. In
another aspect, the protective lenses and the light emitting
device and the light detecting device defines a volume in the
support housing housing, which may be filled with a dry gas,
a vacuum, or a solid translucent material, for example.

[0018] Inone aspect, the light emitting device is an infrared
light emitting diode, and the light detecting device is a pho-
totransistor. In another aspect, the light emitting device is
positioned in the support housing to project light at an angle
that is about 37° off vertical when the support housing is
mounted to the upper opening of the container. In another
presently preferred aspect, the light emitting device and the
light detecting device are positioned in the support housing so
asto project and receive the incident light at an included angle
of about 74°.
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[0019] Inanother preferred embodiment, the invention pro-
vides for an apparatus for detecting a level of a surface of a
liquid in a container having an upper opening, including a
support housing adapted to mate with the upper opening of
the container, and at least one primary retractable liquid level
sensing probe pivotally mounted in the support housing for
measuring the level of the surface of the liquid in the con-
tainer. The apparatus may also further include a secondary
liquid level sensing probe fixedly mounted in the support
housing for sensing a predetermined level of the surface of the
liquid in the container for preventing accidental overflows in
the event of a malfunction of the primary liquid level sensing
means.

[0020] The present invention also provides for a method for
detecting a level of a surface of a liquid in a container having
anupper opening, such as for a server container of a beverage
maker for a transport system, such as for aircraft, trains,
trucks, buses and the like. A support housing is provided that
is adapted to mate with the upper opening of the container,
and a primary liquid level sensing means is mounted in the
support housing for non-intrusively measuring the level of the
surface of the liquid in the container. In one aspect, the pri-
mary liquid level sensing means may be an optical sensor
device mounted in the support housing for non-intrusively
measuring the level of the surface of the liquid in the con-
tainer, the optical sensor device including a light emitting
device, such as an infrared light emitting device, for project-
ing incident light on the surface of the liquid in the container,
and a light detecting device, such as a phototransistor, for
detecting the incident light reflected from the surface of the
liquid in the container. The light source is typically driven
continuously during a brew cycle, but the method of the
invention provides for pulsing power to the light emitting
device, allowing the system to turn the light emitting device
on for only a fraction of the time during which the beverage
maker is in operation, thus increasing the useful life of the
light emitting device, and/or reducing the power require-
ments. Although the light detecting device typically continu-
ously measures reflected emitted light, the method of the
invention similarly provides for monitoring the light detect-
ing device only when the light emitting device is on, so that
the liquid level can be detected at various intervals.

[0021] The provision of protective lenses significantly
improves protection of non-intrusive primary liquid level sen-
sors such as light emitting and light receiving devices from
direct water condensation. In addition, water condensation
forming on and above the lenses will run off the outer surfaces
of the protective lenses, so that the lenses tend to be cleaned
from coffee residue during each brew cycle, requiring no
special cleaning of the lenses. Since the lenses are hermeti-
cally sealed or integrally formed on the support housing hous-
ing, no cotfee residue can build up between the non-intrusive
primary liquid level sensors and the support housing housing.
Therefore the optical system of the invention avoids creation
of “dirt traps” which are unacceptable on food processing
equipment.

[0022] The secondary intrusive backup liquid level sensing
probes also advantageously serve to prevent accidental over-
flows in case of a malfunction of the primary non-intrusive
liquid level sensing device. The backup probes provide a high
reliability system for preventing accidental overtflow, and
operate in conjunction with primary non-intrusive liquid level
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sensing system, so that if one of the liquid level sensing
systems fails, the other will stop the brew cycle before the
server overflows.

[0023] The operation of the backup probes takes advantage
of the electrical conductivity of the liquid brewed in the
server. The probes are mounted on the support housing hous-
ing, and rest above the surface of the liquid brewed. Should
the primary liquid level sensor fail to detect the liquid level,
the liquid will continue to rise up to the backup probes, and
will provide an electrical path between the probes, and elec-
trical conduction between the probes will be detected by a
beverage maker decision logic circuit, and the brew cycle will
be stopped, preventing an overflow. In an alternative embodi-
ment, a single probe may be utilized if the server is grounded
in the sensor electrical circuit.

[0024] The backup probes are shorter than are typically
used for a primary sensor, so that they do not contact the
beverage during normal operation and are much less vulner-
able to becoming damaged when the pot is removed or
replaced. However, their length is sufficient to contact the
beverage before an overflow can occur. The backup probes
are much less vulnerable to being damaged during normal
operation because the probes are mounted on a support hous-
ing which is raised above the server. The support housing is
mobile and translates up and down above the server opening.
When the support housing is in the “up” or “unlock” position,
the server can be inserted in and out of the brew cavity without
touching the backup probes, so that wear and tear of the
probes is minimized. When the support housing is lowered
into the server opening in the “down” or “locked” position,
the probes rest at a height adequate to prevent accidental
overflows. In one aspect, the backup probes can be passively
movable, such as by being pivotally mounted to the support
housing so as to extend into the server container when the
support housing is lowered into the server opening while
allowing the backup probes to pivot as necessary when moved
into and out of the server container. In another aspect, the
backup probes can be configured to be actively movable,
actively extending into the server container when the support
housing mates with the server container, and actively retract-
ing when the support housing is raised to the “up’ or “unlock”
position from the server container.

[0025] The backup probes can be used with any other pri-
mary liquid level system, including, but not limited to infra-
red sensing, ultrasonic sensing, capacitive sensing, and
retractable probes.

[0026] Other features and advantages of the present inven-
tion will become more apparent from the following detailed
description of the preferred embodiments in conjunction with
the accompanying drawings, which illustrate, by way of
example, the operation of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG.11isanillustration of an apparatus for detecting
a liquid level in a container, according to the invention.
[0028] FIG. 2 is a schematic diagram of the apparatus for
detecting a liquid level in a container of FIG. 1, shown
mounted to a beverage maker.

[0029] FIG. 3 is a front view of a beverage maker with the
apparatus for detecting a liquid level in a container of FIG. 1
mounted to the beverage maker, and a server container.
[0030] FIG. 4 is a front view of a beverage maker with the
apparatus for detecting a liquid level in a container of FIG. 1
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mounted to the beverage maker, with a server container
placed in the beverage maker, with the brew handle shown in
the up or unlocked position.

[0031] FIG. 5 is a front view showing the apparatus for
detecting a liquid level in a container of FIG. 1 mounted to the
beverage maker, with the brew handle shown in the down or
locked position, and the apparatus for detecting a liquid level
mated to a server container.

[0032] FIG. 6 is a bottom perspective view of the support
housing of the apparatus for detecting a liquid level in a
container of FIG. 1.

[0033] FIG. 7 is a top perspective view of the support hous-
ing of the apparatus for detecting a liquid level in a container
of FIG. 1.

[0034] FIG. 8 is a top plan view of the support housing of
the apparatus for detecting a liquid level in a container of F1G.
1.

[0035] FIG. 9 is a an enlarged cutaway sectional view of a
portion of the apparatus for detecting a liquid level in a
container of FIG. 1, illustrating an alternate lens design.
[0036] FIG. 10 is a schematic diagram of an alternate
embodiment of an ultrasonic apparatus for detecting a liquid
level in a container, according to the invention.

[0037] FIG. 11 is a schematic diagram of another alternate
embodiment of a timed apparatus for detecting a liquid level
in a container, according to the invention.

[0038] FIG. 12 is a schematic diagram of another alternate
embodiment of an apparatus for detecting a liquid level in a
container, according to the invention, with a secondary liquid
level sensing device including a retractable probe and a sec-
ond probe adapted to contact the server container.

[0039] FIG. 13 is a schematic diagram of another alternate
embodiment of an apparatus for detecting a liquid level in a
container, similar to FIG. 12, in which the second probe
connects to ground.

[0040] FIG. 14 is a schematic diagram of another alternate
embodiment of an apparatus for detecting a liquid level in a
container, according to the invention, with a secondary liquid
level sensing device including a pair of retractable probes.
[0041] FIG. 15 is a schematic diagram of another alternate
embodiment of an apparatus for detecting a liquid level in a
container, according to the invention, with a primary liquid
level sensing device including a pair of retractable probes.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0042] The present invention provides for an apparatus for
detecting a level of a surface of a liquid in a container having
anupper opening, such as for a server container of a beverage
maker for a transport system, such as for aircraft, trains,
trucks, buses and the like.

[0043] In a first embodiment illustrated in FIGS. 1-9, the
present invention accordingly provides for an apparatus 20
for detecting a level of a surface of a liquid 22 in a container
24 typically having an upper opening 26 such as a server
container of a beverage maker such as a coffee brewer 28 for
a transport system (not shown), such as for aircraft, trains,
trucks, buses and the like. The beverage maker typically
includes an enclosure 30 including a heated platen or hot plate
32 on which the server container is seated in the beverage
maker, and a brew handle lever 34 movable between an “up”
or “unlocked” position in which the server container may be
freely moved into and out of the beverage maker, and a
“down” or “locked” position in which the server container is
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locked in the beverage maker for brewing and receiving the
beverage. The beverage maker typically also includes various
indicator lights and control switches indicated generally at 36
as well as a brew switch 38.

[0044] The liquid level detecting apparatus includes a sup-
porthousing 40, shown mated to the server container in FIGS.
1 and 5, and shown mounted to a retaining plate 41 moved by
the brew handle lever in FIGS. 3-5. Referring to FIGS. 1 and
6-8, the support housing typically includes a shoulder 42
configured to mate with the upper opening of the server
container, and at least one opening 44 for introduction of
liquid into the server container from the beverage maker. The
support housing may also include one or more mounting
holes 46 for securing the support housing to the retaining
plate. The support housing also includes angled ports 48 for
the optical sensing apparatus, as will be described further
below, and ports 50 for one or more backup sensor probes
shown in FIG. 1, also described further hereinbelow.

[0045] Referringto FIGS. 1 and 2, in one preferred embodi-
ment, a primary liquid level sensing means 52 is mounted in
the support housing for non-intrusively measuring the level of
the surface of the liquid in the container. A secondary liquid
level sensing means 54 is mounted in the support housing for
intrusively sensing a predetermined level of the surface of the
liquid in the container for preventing accidental overflows in
the event of a malfunction of the primary liquid level sensing
means. In a preferred aspect, the primary liquid level sensing
means is an electro-optic level sensing apparatus including an
optical sensor device 56, including a light emitting device 58,
such as an infrared light emitting diode (IRED) for projecting
incident light on the surface of the liquid in the container, and
a light detecting device 60, such as a phototransistor, for
detecting the incident light reflected from the surface of the
liquid in the container.

[0046] While the angle at which the light is projected and
received with respect to the vertical when the support housing
is horizontally mated to the server container may be greater
than 0° and less than 90°, generally the angle will be between
about 10° and about 80° with respect to the vertical, depend-
ing on the spacing and dimensions of the light emitting
device, the light detecting device, the support housing and the
server container, as will be further discussed below. Referring
to FIGS. 1, 6 and 9, in one preferred aspect, the light emitting
device is positioned in the support housing to project light at
an angle 62 that is typically about 37° from perpendicular
relative to the support housing and about 37° off vertical when
the support housing is positioned horizontally when mounted
to the upper opening of the container. The light detecting
device is similarly positioned in the support housing to
receive light at an angle 64 of about 37° from perpendicular
relative to the support housing housing, so that together the
light emitting device and the light detecting device are posi-
tioned in the support housing so as to project and receive the
incident light at an included angle 66 of about 74° when the
support housing is horizontally mounted to the upper opening
of the container.

[0047] Referring to FIG. 10, in an alternate embodiment,
the primary liquid level sensing means mounted in the sup-
port housing for non-intrusively measuring the level of the
surface of the liquid in the container may be an ultrasonic
level measuring system 68. Referring to FIG. 11, in an alter-
nate embodiment, the primary liquid level sensing means
mounted in the support housing for non-intrusively measur-
ing the level of the surface of the liquid in the container may
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be atimer means 70 for determining the level of the surface of
the liquid in the container by determining a timed flow of
liquid into the container.

[0048] In one embodiment illustrated in FIGS. 1-4, the
secondary liquid level sensing means for intrusively sensing a
predetermined level of the surface of the liquid in the con-
tainer includes a pair of short, fixed electrically conductive
backup probes 72a, 72b which take advantage of the electrical
conductivity of the liquid brewed in the server container. The
fixed backup probes are mounted on the support housing
housing, and rest above the surface of the liquid brewed,
extending to a predetermined level 88 of the liquid in the
server container when the support housing is mated to the
server container. Should the primary liquid level sensor fail to
detect the liquid level, the liquid will continue to rise up to the
backup probes, and will provide an electrical path between
the probes, and electrical conduction between the probes will
be detected by a beverage maker decision logic circuit 74, and
the flow of liquid into the server container will be stopped,
preventing an overflow. As is illustrated in FIG. 2, the deci-
sion logic circuit, typically implemented in a microcontroller,
controls brew and faucet solenoids 76, the heated platen 32,
heaters 80, as well as light source 58, and receives input from
the primary liquid level sensing means via connector 61, and
from the secondary liquid level sensing means via connector
63. For controlling filling and temperature of a water tank of
the beverage maker, entirely apart from monitoring the liquid
level of the server container, the decision logic circuit may
also receive inputs from the control switches, the brew switch,
an internal water tank level sensor 82, and an internal water
tank temperature sensor 84, for safety purposes.

[0049] Inanother embodiment illustrated in FIG. 12, when
the server container and the liquid in the server container are
electrically conductive, such as when at least a portion of the
server container is made of a metal such as stainless steel, for
example, the secondary liquid level sensing means includes a
first retractable, electrically conductive probe 86 pivotally
mounted to the support housing and adapted to extend to a
predetermined level 88 within the container, and a second
electrically conductive probe 90 adapted to contact an elec-
trically conductive portion of the server container, whereby
electrical continuity between the first and second electrically
conductive probes indicates that the level of the surface of the
liquid in the container has reached the predetermined level
within the container. The second electrically conductive
probe may be a pivoting probe or a leaf spring contact, for
example. Alternatively, the second electrically conductive
probe may be mounted on the support housing so as to contact
the server container when the brew handle lever is moved
downwardly to a “down” or “locked” position.

[0050] Inanother embodiment illustrated in FIG. 13, when
the server container and the liquid in the server container are
electrically conductive, such as when at least a portion of the
server container is made of a metal such as stainless steel, for
example, the secondary liquid level sensing means includes a
retractable electrically conductive probe 92 pivotally
mounted to the support housing and adapted to extend to a
predetermined level 88 within the server container, and con-
tact means 94 adapted for contacting and connecting the
server container to ground the server container, whereby elec-
trical continuity between the electrically conductive probe
and ground indicates that the level of the surface of the liquid
in the container has reached the predetermined level within
the container. The second electrically conductive probe may
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be a pivoting probe or a leaf spring contact, for example.
Alternatively, the second electrically conductive probe may
be mounted on the support housing so as to contact the server
container when the brew handle lever is moved downwardly
to a “down” or “locked” position.

[0051] In another embodiment illustrated in FIG. 14, the
secondary liquid level sensing means for intrusively sensing a
predetermined level of the surface of the liquid in the con-
tainer includes a first electrically conductive probe 96 and a
second electrically conductive probe 98, each of which are
movably mounted to the support housing and are adapted to
extend to a predetermined level 88 within the container. In
one aspect, the firstand second electrically conductive probes
may be pivotally mounted to the support housing so as to be
able to be passively moved to avoid damage to the probes. In
another aspect, the first and second electrically conductive
probes may be configured to be actively movable, mechani-
cally or electrically actively extending into the server con-
tainer when the support housing mates with the server con-
tainer, and mechanically or electrically actively retracting
when the support housing is raised to the “up” or “unlock™
position from the server container. Flectrical continuity
between the first and second electrically conductive probes
indicates that the level of the surface of the liquid in the
container has reached the predetermined level within the con-
tainer.

[0052] In another preferred aspect illustrated in FIGS. 1, 6
and 9, a protective window or lens 100¢ is placed in front of
the light emitting device, and a protective window or lens
1004 is placed in front of the light detecting device. The
protective lenses are preferably permanently and hermeti-
cally secured on the support housing housing, such as by a
sealing compound 102 such as an epoxy compound, for
example, although the protective lenses alternatively may be
incorporated in the support housing housing, such as by form-
ing the support housing of material that would be transparent
to the spectrum of light emitted and detected, such as infrared
light spectrum, for example. The advantage of this approach
would be to streamline manufacturing by eliminating the
need to assemble the lenses onto the support housing housing.
Each of the protective lenses preferably has an outer surface
104 that is inclined at an angle with respect to the vertical,
when the support housing is mounted horizontally to the
service container, to allow condensation and contaminants to
flow off the protective lenses. While the angle of the lenses
with respect to the vertical may be greater than 0° and less
than 90°, generally the angle of the lenses should be suffi-
ciently displaced from the horizontal to facilitate drainage of
liquid and contaminants from the lenses, and may, for
example, be generally between about 10° and about 80°, with
respect to the vertical. One convenient approach is to choose
angles for the lenses that are perpendicular to the angles of the
light emitting device and the light detecting device, but this is
not essential. In a preferred aspect, the protective lenses are
typically inclined at an angle of about 53° with respect to the
vertical, when the support housing is mounted horizontally to
the service container. In another preferred aspect, a volume
106 defined between a protective lens and the light emitting
device, and between a protective lens and the light detecting
device, is filled with a dry gas, a vacuum, or a solid translucent
material.

[0053] In another embodiment illustrated in FIG. 15, the
invention provides for an apparatus 110 for detecting a level
of'a surface of aliquid 112 in a server container 114 typically
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having an upper opening 116, such as a server container of a
beverage maker such as a coffee brewer described above. The
apparatus includes a support housing cover 118 adapted to
mate with the upper opening of the server container, and a
primary liquid level sensing means 120 including at least one
primary liquid level sensing probe 122 pivotally mounted in
the support housing for measuring the level of the surface of
the liquid in the container. A second primary liquid level
sensing probe 124 may also be pivotally mounted in the
support housing for measuring the level of the surface of the
liquid in the container. A secondary liquid level sensing
means 126 is fixedly mounted in the support housing for
sensing a predetermined level 88 of the surface of the liquid in
the container for preventing accidental overflows in the event
of'a malfunction of the primary liquid level sensing means. In
one embodiment illustrated in FIG. 15, the secondary liquid
level sensing means for intrusively sensing a predetermined
level of the surface of the liquid in the container includes a
pair of fixed electrically conductive backup probes 128a,
1285 which take advantage of the electrical conductivity of
the liquid brewed in the server container. The fixed backup
probes are mounted on the support housing housing, and rest
above the surface of the liquid brewed when the support
housing is mated to the server container. Should the primary
liquid level sensor fail to detect the liquid level, the liquid will
continue to rise up to the backup probes, and will provide an
electrical path between the probes, and electrical conduction
between the probes will be detected by a beverage maker
decision logic circuit as described above, and the flow of
liquid into the server container will be stopped, preventing an
overflow.

[0054] It should be appreciated that any of the foregoing
secondary systems may be substituted for fixed backup
probes for use in combination with any of the foregoing
primary liquid level sensing systems.

[0055] The present invention also provides for a method for
detecting a level of a surface of a liquid in a container having
an upper opening, such as a server container of a beverage
maker such as a coffee brewer for a transport system. Appa-
ratus for detecting the liquid level is provided, including a
support housing adapted to mate with the upper opening of
the container, with a primary liquid level sensing means
mounted in the support housing for non-intrusively measur-
ing the level of the surface of the liquid in the container, and
a secondary liquid level sensing means mounted in the sup-
port housing for intrusively sensing a predetermined level of
the surface of the liquid in the container for preventing acci-
dental overflows in the event of a malfunction of the primary
liquid level sensing means. The primary liquid level sensing
means comprises an optical sensor device mounted in the
support housing for non-intrusively measuring the level of the
surface of the liquid in the container, the optical sensor device
including a light emitting device for projecting incident light
on the surface of the liquid in the container, and a light
detecting device for detecting the incident light reflected from
the surface of the liquid in the container, as described above.
[0056] Typically, the light source, such as an IRED, for
example, is driven continuously during the brew cycle. In the
improved method of the invention, the power to the light
source is intermittently pulsed, allowing the system to peri-
odically turn the light source on only a fraction of the time,
thus increasing the useful life of the light source, and/or
reducing the power requirements. Reflected emitted light
may be measured continuously with the phototransistor, but
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the phototransistor can be monitored only when the light
source is on, so that the liquid level can be detected periodi-
cally, at various desired intervals.

[0057] While the specification describes particular
embodiments of the present invention, those of ordinary skill
can devise variations of the present invention without depart-
ing from the inventive concept

We claim:

1. Apparatus for detecting a level of a surface of a liquid in
a container having an upper opening, the apparatus compris-
ing:

an enclosure including a lever moveable between an

upward unlocked position and a downward locked posi-
tion;

asupport housing mounted to said lever, said support hous-

ing being adapted to mate with the upper opening of the
container when said lever is in said downward locked
position, and the container being freely movable into
and out of the support housing when said lever is in said
upward unlocked position; and

at least one primary liquid level sensing probe movably

mounted in said support housing for measuring the level
of the surface of the liquid in the container.

2. The apparatus of claim 1, further comprising a secondary
liquid level sensing probe fixedly mounted in said support
housing for sensing a predetermined level of the surface of the
liquid in the container for preventing accidental overflows in
the event of a malfunction of the primary liquid level sensing
means.

3. The apparatus of claim 2, wherein said secondary liquid
level sensing means comprises a pair of short fixed electri-
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cally conductive probes extending to said predetermined level
in said container when said support housing is mated to the
upper opening of the container.

4. Apparatus for detecting a level of a surface of a liquid in
a server container of a beverage maker for a transport system,
said server container having an upper opening, the apparatus
comprising:

an enclosure including a lever moveable between an
upward unlocked position and a downward locked posi-
tion;

a support housing mounted to said lever, said support hous-
ing being adapted to mate with the upper opening of the
server container when said lever is in said downward
locked position, and the server container being freely
movable into and out of the support housing when said
lever is in said upward unlocked position; and

at least one primary liquid level sensing probe movably
mounted in said support housing for measuring the level
of the surface of the liquid in the server container.

5.The apparatus of claim 4, further comprising a secondary
liquid level sensing means fixedly mounted in said support
housing for sensing a predetermined level of the surface of the
liquid in the server container for preventing accidental over-
flows in the event of a malfunction of the primary liquid level
sensing means.

6. The apparatus of claim 5, wherein said secondary liquid
level sensing means comprises a pair of short fixed electri-
cally conductive probes extending to said predetermined level
in said server container when said support housing is mated to
the upper opening of the server container.
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